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i HIGH-SPEED WIND-TUNNEL TESTS OF A -il-'g-SCAIE MODEL

OF THE D-558 RESEARCH ATRPTANE

BASTC LONGITUDINAL STABITITY OF THE D-558-1

By John B. Wright

SUMMARY

This report conteins the results of pitching-moment, 1ift, and drag
msggurements wilth a TlB-—sca.le model of the D-558-1, with no nose-inlet

flow, with both the tall removed and with the tall at a constant setting.
The tests were conducted through a Mach number range up to 0.96 in the
Langley 8-foot high-speed tummel. In order to Ffacilitate the forwarding
of this information, only a limited analysis has been made.

It 1s indicated that the alrplane can experience large changes in
static longitudinal stebility beyond a Mach number of 0.86. At & Mach
number of 0.9 there 1s a tendency for the alrplane to becoms unstable at
low 11ft coefficlients followed by large stable tendency at higher speeds.
A part of thls chenge In stability is indicated to be destabillzing
effects from wing-fuselage characteristics.

INTRODUCTION

The D-558-1 is a research airplane designed to investigate aero-
dynamic phenomenas in the transonic speed range. It 1s designed to fly
at a level-flight Mach number of 0.85 and is powered by a turbojet unit.
It has an unswept wing of aspect ratio L.1l7 in & low position on the
fuselage.

Wind-tummel tests of a _16-sca.le model were conducted to high Mach

nunbers in the I-angley 8-foot high-speed tumnel in order to provide pre-

flight in'f‘orma.tion for the pllot to insure agelnst any catastrcphic events
due to compressibility effects during flight.
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This report presents 11ft, pltching-moment, end drag results cbtained
from the intermal-balance gystem wilth s %g-scale model of the D-558-1

wlth no nose-inlet flow. In order to expedite this information to the
NACA flight-test group at Muroc, Calif., to the manufacturer, Douglas
Alrcraft Company, and to the Navy, Bureau of Aeron2utics, this report
containg only the results available at the present time with no detailed
anslysils.

APPARATUS AND TECHNIQUE

. The D-558 investigation was conducted in the langley 8-foot high-
speed tunnel which 1s a single-return closed-throat type. The maximum
corrected test Mach number was approximately 0.96 for this investigation.

The Reynolds number varied from about 1.0 X 108 to0 1.6 x 106,

Model.- An all-metal .J%-soa.le model of the D-558-1 ailrplane was

congstructed by the NACA. The generel layout is shown by the thres-view
drawing In figure 1. The geometry and dimensiong of the wing and tail

are given 1n teble I. The wing-fuselage fillet was deslgned from the
results of a Douglag-Galcit low-speed development program and differs

from that used in reference 1. A general comparison of the two fillets

is shown in figure 2. Since no inlet flow was simulated, the nose inlet
wvag faired forward to form a solld nose. The fuselage was hellow to allow
for the internal balence.

Model support and balance.- The sting-strut support system used in
these tests 1ls shown in figure 3. The sting, contelning the balance
within the fuselage, was attached to the fuselage inslde and well for-
ward. The sting diamster is smaller than the inslde diameter of the
fuselage so that all aerodynamic forces are transmitted through the
balance. The sting enlarges smoothly aft of the model to the engle-of-
attack coupling, thence to the support strut. In an attempt to avold
choking the tunnel at the strut locatlion at a low test-section Mach
number, a liner to comstrict the flow was inatalled in the throat of
the tunnel and designed to obtaln the highest posaible test Mach numbers
at the model location. ' )

The balance conslsted of strain-gage elements located on the sting
and on component parts of the sting so as to measure pliching moment,
normal force, snd axial force. A trensferral of forces to the alrplans
center of gravity was required because the pltching moment wes found at
the center of the pltching-moment gage location which is & small distance
from the center of gravity. Further, the normal force and axial force
hed to bs reorlented to the 1ift and drag directions by simple trigonometry.

W " ae ey

[ npmminime Y

UNCLASSIFIED



WACA RM No. L7K2h = 3

Becange the 1nterference of the sting on the airplane charscteristics
was included in the forces measured by the internmal balance, two types of
tare runs were made for several configurations to evaluate this Interfer-
ence. The tare-measuring arrangement is shown in figures 3 and 4. The
tare setup incorporated auxlliary tare arms which had 6-percent airfoils,
sweptback 30° in forward portions to minimize high-speed interference
effects. The arms were attached in the model to an internal balsnce
similar to that used wlth the sting for the normsl runs.

Corrections.- All data were rsferred to a center-of-gravity location
of 25 percent mean asrodynamic chord shown in figure 1. The data were
corrected for angle-of-attack changes due to bending of the sting by deter-
mining the angle at each test polnt and 1lnterpolating to obtaln constant
angle of attack. The effect of temperature on the strain gagee wase
determined in statlc-load and tempersture tests. The temperature of the
gages was measured during each run and the corresponding corrections fourd
in static tests applied.

The data have all been corrected for the interference of the sting
by measuring this effect by the two types of tare runs shown in figure k.
It was found that the sting produced an Interferemnce on pltching-moment
coefficlent which averaged 0.020 over the Mach number and angle-of-attack
rangs. The interference of the sting on 1lift coefficient was negligible
and on the drag coefflclent was approximately 0.006.

The data are presented to a corrected Mach number of about 0.96.
Choking occurred at the strut at thls throat Mach number due to weke
offects. However, there was less than 0.01 Mach number difference in
the theoretical choklng Mach number at the model locatlon and thet
attalined in these tests. The data are unaffected by choke phenomena
as the strut is well aft of the model and pressure measurements Indicated
no lrregularities in the veloclty fleld in the model region at this Mach
number.

Corrections for blockage and other wgll—interference effects have
been applied to these data in a manner similar to that indicated in
reference 1. Below a Mach number of 0.9, the corrections to Mach number,
to dynamic pressure, and to various coefficients are negligible., Above a
Mach number of 0.9, the 1ift vortex interference is negligible. The
total magnitude of the model and weke blockage corrections to Mach number
and dynamlc pressure are of the same order of magnitude. Typical Mach
number correctlons are shown as follows:

Test Mach Corrected

number Msch number
0.90 0.905
.925 «933
.9k .96
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RESULTS AND DISCUSSIOR

Complete Model

Figure 5 presents the varistion of pltching-moment coefficlent snd
1ift coefficlent with Mach number for constant angles of attack for the
model with a stabllizer incidence 1y = 2.2° and elsvator angle

8¢ = 0°. TFigure 6 shows the variation of drag coefficient with Mach

number for the same configuretion. In Ffigure 7, the data of figure 5
have been cross-plotted to obbain the varlation of plitching-moment coef-
flclent with 11ft coefficient for various Mach numbers. The static-
longitudinal-gtability parameter BCM/BCL is shown in figure 8 as a

function of Mach number. The slope BCM/BC-L was cobtained from figure 7

at each Mach number for the two values of lift coefficient required for
level flight at sea level and 35,000 feet altltude shown in figure 9.

The wing loading was assumed to be 58 pounds per square foot, the design
loading of the D-558-1 with about 90 percent of the flight run completed.
The values of the 1ift coefficlent at Cy = O from figure T are presented

for this tall setting in figure 10 as a function of Mach number.

The static-longltudinal-stabllity parameter of this airplane, as
shown in figures 7 and 8, for thim one untrimmed setting remainsg fairly
constant with increasing Mach number up to a Mach number of about 0.86.
Around a Mach number of 0.90, a posltive slope indicates a possible
unstable region in the low 1lift ranges which may lead to difficulties in
flight. Around a Msch number of 0.93, the unstable range disappears,
followed by very large increases 1n atabllity through the highest test
gpeed. It 1s indicated that the large changes 1n stabllity can be avolded
at high speeds by flight at high altitudea (fig. 8) or increased welght to
increasge level-flight 1ift coefficlents. In addition, maneuvers which
decrease the lift coefficient below that for-level flight in this speed
range should be avolded.

Tail Off

Figure 11 shows the variation of 1ift coefficlent and pitching-
moment coefficient with Mach number for constant angles of attack for the
model wlthout the horizontal tall. Figure 11 hae been cross-plotted to
ghow in flgure 12 the varlatlon of pitching-moment coefficient with 1lift
coefficlent for several Mach numbers for the model wlthout the horlizontal
tall. The tests with horizontal tail off Indlcate a large positive
(destebilizing) increase in BCM/BCL around a Mach number of 0,90 in
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the low lift-coefflcient range. This behavior reverses at higher Mach
numbers to show & negative (stebilizing) value of BCM/BC_L.
The pitching-moment Increment ACM due to the tail was determined

from the difference in pitching-momsnt coefficients for the horizontal

tall on and off. The increment ACM chogen at the 1ift coefficients

required for level flight at two altitude conditions at each Mach number
is gshown in figure 13 as a function of Mach number. This untrimmed tall
load algo changes abruptly in the hlgh Mach number range.

CONCIUDING REMARK

From tests of a .]%-scale model of the D-558-1 alrplane with no nose-

inlet flow at a constant tall setting, 1t 1s indicated that the alrplanse
can experience large changes in static longitudinal stability beyond a
Mach number of about 0.86. At a Mach number of approximately 0.9 there

is a tendency for the airplane to becoms unstable at low 1ift coefficlents
followed by & large stable tendency at higher speeds. A part of this
change In stablllity is indicated to be destabllizing effects from wing-
fuselage characteristics.

Langley Memorial Aeronautical Iaboratory
National Advisory Commlittee for Aeronsautics
Langley Fileld, Va.
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WING AND TATL DIMENSIONS OF —=.SCALE D-558-1 MODEL .

Wing section . « - « . .
Wing aspect ratie . . .
Wing taper ratio . . .

Wing span, in. Eoel e s

Wing area, g ft « . .

Wing mean aerodynamic chord, in. . . « + « « o 0 0 . 0 e .
Wing incidence angle, deg

Wing dihedral, deg . «

Wing swesp angle (50—percent CHérd);“aéé"} ST s ...

Wing root. chord, in. . .
Wing tip chord, in. . .
Longitudinal location of
point from nose-inlet
location) « « s o« & &
Tail sectiom « « « « o .
Tail aspect ratia. . . .
Tall taper ratio « . . .
Tail span, in. . « . . .
Tail area, sq £t « 7. .
Teil dihedral, deg . .

Elevator area, percent of tall area . . . .
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ype of run  __ Inferpal balance megsures

Model force
Interference of sfing on model

Normal run ' PN

Model force
Interference of sting on mode/

Interference of arms on model

s

Tore run A

Model force
Interference of arms on model

Tare run B

7are run A~ Tare runB =- Interference of sting on model

Normal run — (A-B)= /\/Jode}. 7orce
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